A layered structure of different iron oxides was produced by thermal oxidation of iron. The structure and microstructure of different layers were examined using scanning electron microscopy (SEM) and transmission electron microscopy (TEM). Selected area electron diffraction (SAED) was used to identify the structures of the different oxide layers. Two different structures of Fe 2 O 3 were found to co-exist. Based on our observation, a possible oxidation mechanism for iron was proposed. The results shed light on the oxidation process of metals and provide insight into the synthesis of iron oxides.
Introduction
Significant research work has been focused on iron and iron oxides because of their wide applications. For example, hematite (Fe 2 O 3 ) has good semiconducting properties because of its lower band gap (2.1eV) and is widely used as catalyst [1] , gas sensing material [2] and pigments [3] . Magnetite (Fe 3 O 4 ) is usually used in the field of magnetic recording media and some medical fields depending on its excellent magnetic properties [4] . The process of oxidation of iron has attracted great attention to form various iron oxides. However, cross-sectional TEM study of oxidation of Fe has been still few due to the challenge in preparing cross-sectional TEM samples and the magnetism issue of iron oxides for TEM imaging. In this paper, we investigate this process directly using SEM and TEM and propose an oxidation mechanism on the basis of the observation.
Experimental details
First, the high-purity (99.99%) iron foils were thoroughly rinsed with deionized water followed by ultrasonication in acetone for 5 min. Then, the cleaned iron substrates were put on a substrate heater in the vacuum chamber, and the temperature was monitored using a K-type thermocouple in contact with the heater. The chamber was pumped to a vacuum of about 2×10 -6 Torr, and then filled with 200 Torr oxygen (oxygen purity: 99.999%). Subsequently, the chamber was sealed, and the iron foil was heated to 600℃ at a rate of 20℃ /min in the oxygen gas. After the iron foil was oxidized for 1 h, it was then cooled down in the same oxygen atmosphere to room temperature at a rate of ~10 ℃ /min. Morphology and chemical composition of the oxidized samples were investigated using a field emission gun-scanning electron microscope (FEG SEM) FEI Supra 55VP. Cross-sectional specimens of the oxidized iron foil for transmission electron microscopy (TEM) observations were prepared using conventional techniques of mechanical polishing and ion-thinning. The ion-thinning was carried out using Gatan model 691 precision ion polishing system (PIPS). Selected-area electron diffraction (SAED) were carried out using a JEOL JEM 2100F TEM operated at 200 kV. Fig.1 Cross-sectional SEM image of different oxide layers of iron oxidized at 600℃ Fig.1 shows a representative cross-sectional SEM image of oxidized iron foil. It can be seen that there are four different layers from the substrate to the surface. Part A is on the top of the surface, which is composed of many nanowires growing from layer B. The thickness of layer B is just about 0.3µm. It is noticed that the composition of layer C are more regular but those of layer D are more disordered. Additionally, the thickness of layer D is larger than others and it's about 3µm. To identify the crystal structure of the different oxide layers, TEM observations and SAED patterns were used in the following analysis. Fig.3a 1 and 2 , respectively. Fig.3b shows a typical SAED pattern taken along [001] zone axis of part 1 and the diffraction pattern is indexed with the FeO structure. The SAED pattern Fig.3c can be indexed with the Fe structure (a=0.287nm), which is taken along [110] zone axis of part 2. In fact, layer E is iron substrate, which is identical to the SAED pattern. α-Fe 2 O 3 and γ-Fe 2 O 3 structures were observed at the same time depending on their SAED patterns. It is also mentioned and discussed by Cai et al. [5] . 
Results and Discussion

Conclusions
In conclusion, it is revealed that there are four different layers from iron substrate to its surface, which is identified as FeO, 
